Lactobacillus uli sp. nov. and Lactobacillus rimae sp. nov. are described. These organisms are short, gram-positive, strictly anaerobic, rod-shaped bacteria that have DNA G+C contents of 53 and 45 mol%, respectively, produce major amounts of lactic acid, and have been isolated from human gingival crevices and periodontal pockets. The major cellular fatty acid derivatives for both species are Clsz1 cis-9 fatty acid methyl ester and ClSz1 cis-9 dimethylacetyl. The type strain of L. uli is strain VPI D76D-27C (= ATCC 49627), and the type strain of L. rimae is strain D140H-11A (= ATCC 49626). Emended descriptions of Lactobacillus minutus (based on selected strains) and Streptococcus parvulus (based on many additional strains) also are given.
* Corresponding author. D185A-3, and VPI D132E-3B, L . minutus VPI 9428T (parent strain of ATCC 33267T), two oral strains labeled L . minutus or Lactobacillus DO1 (strains VPI D66B-12 and VPI D76D-27C), and Lactobacillus DO2 strains VPI D140H-llA, VPI D150F-22B, and VPI D154E-6B. L. minutus ATCC 33267T was used to verify results obtained for strain VPI 942ST by electrophoresis of cellular proteins and analysis of cellular fatty acids. Although the original source of S . parvulus VPI 0546T is unknown, the source of most of the strains of S. pawulus in the Prevot Collection was respiratory tracts (16) . The original source of L . minutus VPI 9428T was a perineal abscess. All other strains (strains with a D or E prefix) were isolated from human gingival crevices or periodontal pockets. For all experiments except those involving DNA, the type strain of the type species of the genus Streptococcus, Streptococcus pyogenes VPI 8269 (= ATCC 12344), and of the genus Lactobacillus, Lactobacillus delbrueckii VPI 6040 (= ATCC 9649), were included. Additional strains, for which fatty acid data were determined, were obtained from the Moore Culture Collection, Virginia Polytechnic Institute and State University.
Tests. Fermentation tests (4), antimicrobial agent susceptibility tests (4) , and PAGE (2, 9) were performed by using cells grown in prereduced anaerobically sterilized media (4) . Cultures were tested for maximum growth and fermentation in peptone-yeast extract-glucose-hemin-vitamin K (PYG) broth with and without Tween 80 (0.02%, vol/vol) (4) and were inoculated and incubated anaerobically under oxygenfree CO,.
Cellular fatty acids were determined by using cells grown in 10 ml of PYG-Tween 80 broth incubated for 12 to 14 h at 37°C. Harvested cells were washed in 3 ml of 0.7% (wthol) aqueous MgSO, and centrifuged. The sedimented cells were lysed and saponified with 1.0 ml of basic methanol (45 g of NaOH, 150 ml of methanol, 150 ml of distilled water), heated in a boiling water bath for 5 min, mixed with a vortex mixer, and heated in the boiling water bath for an additional 25 min. To methylate cell constituents, 1.0 ml of HCl-methanol(325 ml of 6.0 N HC1, 164 ml of methanol [certified grade]) and 1 ml of sulfuric acid-methanol (162.5 ml of H2S04 [American Chemical Society reagent grade] added to 162.5 ml of distilled water, 275 ml of methanol [certified grade]) were added, and the solution was heated at 80°C for 10 min. After cooling, the methylated components were extracted by adding 1.25 ml of hexane-ether (200 ml of hexane [highperformance liquid chromatography grade], 200 ml of methyltert butyl ether [high-performance liquid chromatography grade]) and then turning the tubes end over end for 10 min. The extract was washed once with 3 ml of a solution containing 5.4 g of NaOH in 450 ml of deionized distilled water saturated with NaCl. A 2-pl portion of the washed extract was chromatographed on a fused-silica capillary column in a model HP-5890A chromatograph (HewlettPackard Co., Palo Alto, Calif.) equipped with a flame ionization detector and a model HP-3392A integrator (Hewlett-Packard). The gas flow rates were ca. 400 ml/min for air, 30 mVmin for hydrogen, and 30 ml/min for nitrogen. The temperatures used were 250°C for the injection port and 300°C for the detector. After injection, the oven temperature was increased from 170 to 270°C at a rate of 5"C/min and then from 270 to 310°C at a rate of 30"C/min, held at 310°C for 2 min, and then returned to 170°C before the next sample was injected. A standard mixture containing known fatty acids (C, through C,, straight-chain acids and C10:20H, C10:30H, C14i20v, C14:30H, and C16:20H) was chromatographed at the beginning of each day on which samples were run and after each set of 10 samples was chromatographed. We used the MIS software package (Microbial ID, Inc., Newark, Del.) to identify the peaks (by retention time), to determine the area, the ratio of area to height, the equivalent chain length, the total area, and the total area of the named compounds, and to calculate the percentage of area for each named compound compared with the total area of named compounds. Identification was accomplished by using the Moore 3 (and 4) Anaerobe Laboratory Library and methods (Microbial ID).
DNA isolation and hybridization. The strains were grown to the late logarithmic growth stage in PYG-Tween 80 broth (4).
High-molecular-weight DNA was isolated by using a cetyltrimethylammonium bromide (CTAB) procedure (6). Cells were harvested by centrifugation and were suspended in 25 ml of suspension buffer (10 mM Tris-HCl, 1 mM EDTA, 0.35 M sucrose; pH 8.0) for enzymic lysis or in 20 ml (final volume) of suspension buffer without sucrose for disruption by glass beads.
For enzymic lysis, chicken egg white lysozyme (about 1 mg/ml; Sigma) was added to the cell suspension, which then was incubated at 37°C until the cells became susceptible to the lysing buffer. The cells were lysed by adding an equal volume of 2X CTAB lysing buffer (1 X CTAB lysing buffer is 50 mM Tris-HC1, 0.75 M NaCl, 10 mM EDTA, 1% [wt/vol] CTAB, 1% [voVvol] 2-mercaptoethanol, and 80 pg of proteinase K per ml; pH 8.0). The lysate was then incubated at 50°C for 2 h to allow for proteinase K digestion. Each lysate was extracted with 25 ml of chloroform-isopentanol (97:3, voVvo1) on a wrist action shaker (20 min), and the extracted material was removed by centrifugation at 12,000 x g for 10 min. The extraction and centrifugation steps were repeated three times. DNA was precipitated by adding 0.6 volume of isopropanol to the extracted lysate. The lysate-isopropanol mixture was decanted from the flask, and the DNA precipitate, which formed a loose clot, was washed first with two 25-ml volumes of 80% ethanol in water containing 10 mM ammonium acetate and then once with 25 ml of 80% ethanol. The DNA was air dried and then dissolved in 20 ml of TE buffer (10 mM Tris-HC1, 1 mM EDTA; pH 8.0). A 0.5-ml portion of RNase A (500 pg/ml) and 5 pl of RNase T, (200 U/pl) were added to each DNA preparation, and the preparations were incubated at 37°C for 1 h. After a final extraction and centrifugation with 5 ml of chloroform-isopentanol were performed, 0.1 volume of 3 M sodium acetate was added, and 2 volumes of 95% ethanol were overlaid. The DNA then could be collected by spooling it onto a glass stirring rod. After the rod was rinsed in 80% ethanol, the DNA was air dried and then dissolved in TE buffer. The DNA preparations were stored at -20°C. The levels of purity of the DNA preparations were estimated from the extents of hyperchromicity that occurred during melting profiles (5) .
If the cells could not be lysed as described above, they were physically disrupted with glass beads. Cell pellets plus TE buffer (total weight, 10 g) were placed in a Braun Disintegrator (Bronwill Scientific, Inc., Rochester, N.Y .) shaking bottle. Then 10 ml of 2X CTAB lysing buffer and 20 ml of glass beads (diameter, 110 pm) were added, and the mixture was shaken for 5 min at 4,000 cycles per min under CO, cooling. The lysate was separated from the glass beads by filtration through a coarse sintered glass filter. An additional 20 ml of I X CTAB lysing buffer was used to quantitatively wash the lysate from the beads. The resulting lysates were then treated the same as the lysozyme-treated cells described above, except that the alcohol precipitation steps required centrifugation because of the greater fragmentation of the DNA.
For the hybridization experiments, the DNA preparations were uniformly fragmented by three passages through a French pressure cell at 16,000 lb/in2. The preparations then were denatured by heating them in boiling water for 5 min; after cooling on ice, the preparations were centrifuged at 12,000 x g for 15 min to remove any particulate material.
The DNA concentration of each preparation was adjusted to 0.4 mg/ml, and the preparations were stored at -20°C. Portions (2 to 3 pg) of the fragmented and denatured preparations from selected reference strains were labeled by iodination (17) . The specific activities of the labeled preparations ranged from 1 x lo6 to 2 x lo6 cpm/pg of DNA.
DNA sequence similarity values were determined by using the S1 nuclease procedure (5) . Each of the reassociation vials contained 10 pl of labeled DNA (10 to 20 ng; 30,000 cpm), 50 pl of unlabeled DNA, and 50 pl of 6 x SSC ( l x SSC is 0.15 M NaCl plus 0.015 M trisodium citrate) containing 5 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer (pH 7.0). The vials were incubated for 24 h at 65°C (about 25°C below the thermal melting point of native DNA in this buffer system) (Cot value, about 47 mol . s/liter).
RESULTS AND DISCUSSION
The G + C contents of the DNAs of S . parvulus, L. minutus, and Lactobacillus DO2 strains differed (Table 1) . The G+C content of the type strain of S. par-vulus (39 mol%) was lower than the value reported previously (1). The oral strains of L. minutus had G+C contents that were clearly different from the G+C content of the nonoral organism L . minutus VPI 9428T. S . parvulus, the type strain of L . minutus, the oral strains of L . minutus, and Lactobacillus DO2 strains exhibited low levels of DNA-DNA homology with each other. These observations indicated that these four groups of organisms represent different species; we propose the names Lactobacillus rimae for the oral Lactobacillus DO2 strains and Lactobacillus uli for the oral strains previously thought to be L . minutus or Lactobacillus D01. The DNA results were reflected by the results of electrophoresis of soluble cell proteins ( 6040T differed from those of the other species examined, suggesting that there are low levels of relatedness between S. pyogenes and S . parvulus and between L. delbrueckii and the other Lactobacillus species examined.
Cellular fatty acid data for strains of S. parvulus, L . uli, L . minutus, and L . rimae from our collection are shown in Table 2 . The major fatty acid derivatives of all four species were cis-9 fatty acid methyl ester and c 1 8 : 1 cis-9 dimethylacetyl. These four species could be distinguished by performing a principal-component analysis of their cellular fatty acids.
Distinctive phenotypic characteristics of the organisms are shown in Table 3 . S . parvulus, L . minutus, and L. rimae strains could be distinguished by fermentation of lactose and trehalose. L . uli and L . minutus strains could be distinguished by fermentation of maltose, salicin, and sucrose.
Of the four groups of organisms, L . rimae strains were most sensitive to lysozyme, followed by S . parvulus and the type strain of L . minutus. The oral strains labeled L. minutus were the least sensitive to lysozyme. Bacteriolysis induced by lysozyme has been used previously to differentiate between closely related species (15) .
Thus, G+C contents, levels of DNA-DNA homology, PAGE patterns of soluble cell proteins, cellular fatty acid compositions, and some phenotypic characteristics provided convincing evidence that oral L . uli and L . rimae strains are distinct from each other and from previously described species. Descriptions of L . uli and L . rimae are presented
below. An emended description of S. parvulus is also provided below because until now the natural habitat of this species was thought to be the respiratory tract and recently published descriptions (3, 4) were based on only two strains. Also, the descriptions prior to 1983 were based on results obtained by using less than optimum culture conditions (i.e., without Tween 80 in the media). An emended description of L. minutus also is provided below because former descriptions included some oral strains which we now know to be members of a distinct species.
Description of Lactobacillus uli sp. nov. Lactobacillus uli (u'li. Gr. n. oulon, the gum; N.L. gen. n. uli, of the gum) (formerly oral strains of L. minutus or Lactobacillus D01). Cells are small, elliptical, nonmotile, gram-positive rods that occur singly, in pairs, and in short chains. Central swellings may occur, particularly in cells grown on solid medium. Strains are strictly anaerobic. Colonies on brain heart blood agar are 1 to 2 mm in diameter, raised or low convex, entire, and translucent to transparent after 5 days of anaerobic incubation at 37°C. Growth is stimulated by 0.02% (vol/vol) Tween 80 and may be stimulated (18 of 48 strains) by 10% rabbit serum added to culture media. Of 28 strains tested, 18 grow at 45°C. No growth occurs in the presence of 6.5% (wt/vol) NaCl.
The fermentation products from glucose are lactic acid (0.6 to 8.1 meq/100 ml of culture; mean for 48 strains, 3.7 meq/100 ml), acetic acid (0 to 0.3 meq/100 ml; mean for the 41 of 48 strains in which it was detected, 0.1 meq/100 ml), formic acid (0 to 0.7 meq/100 ml; mean for the 29 of 48 strains in which it was detected, 0.2 meq/100 ml), and occasionally trace amounts of succinic acid. Little or no gas is detected in agar deeps. Hydrogen is not produced.
The terminal pH in PYG-Tween 80 broth cultures ranges from 4.0 to 5.5; the mean terminal pH for 48 strains is 4.6. Glycogen, trehalose, and starch are fermented, and starch is hydrolyzed only when serum (which contains amylase) is added to the medium. Amygdalin, erythritol, esculin, glycerol , inositol, mannitol, melezitose, melibiose, raffinose, -, Minor or highly variable peaks not used for Microbial Identification System's differential analyses.
The numbers of analyses performed and numbers of isolates used were as follows: S . parvulus, 117 analyses and 97 isolates; L . minutus, 12 analyses and 1
rhamnose, sorbitol, and xylose are not fermented. Additional characteristics are shown in Table 3 . Gelatin is not liquefied, meat is not digested, indole is not produced, and nitrate is not reduced. Reactions are negative for bile-esculin, DNase, and hippurate hydrolysis. Catalase activity is not detected.
The susceptibility to antibiotics varies among strains; 1 of 48 strains tested is resistant to 12 pg of chloramphenicol per ml or 1.6 pg of clindamycin per ml, 4 of 48 strains are resistant to 3 pg of erythromycin per ml, and 2 of 48 strains are resistant to 2 U of penicillin G per ml or 6 pg of tetracycline per ml.
The major cellular fatty acid derivatives are C18:1 cis-9 fatty acid methyl ester and C1g:l dimethylacetyl (Table 2) .
Isolated from human gingival crevices, especially in patients with periodontitis ( Table 4) .
The type strain is strain VPI D76D-27C (= ATCC 49627). The G+C content of the DNA of the type strain is 53 mol%.
For each variable reaction described above, the reaction of the type strain is that of the majority of the strains.
Description of Lactobacillus rimae sp. nov. Lactobacillus rimae (ri'mae. L. gen. n. rimae, of a fissure, here pertaining to the gingival crevice) (formerly Lactobacillus D02). Cells are small, elliptical, nonmotile, gram-positive rods that occur singly, in pairs, and in short chains. Central swellings may occur, particularly in cells grown on solid medium. Strains are strictly anaerobic. Colonies on brain heart blood agar are 1 to 2 mm in diameter, raised or low convex, entire, and translucent to transparent after 5 days of anaerobic incubation at 37°C. Growth is stimulated by 0.02% (vol/vol) Tween 80 and usually is stimulated (48 of 53 strains) by 10% (vol/vol) rabbit serum added to culture media. Of 33 strains tested, 21 grow at 45°C. There is no growth in the presence of 6.5% (wt/vol) NaCl.
The fermentation products from glucose are lactic acid (1 to 10 meq/100 ml of culture; mean for 33 strains, 4.7 meq/100 ml), acetic acid (0.2 to 0.6 meq/100 ml; mean for 33 strains, 0.3 meq/100 ml), formic acid (0 to 0.4 meq/100 ml; mean, 0.05 meq/100 ml), and occasionally trace amounts of succinic acid. Little or no gas is detected in agar deeps. Hydrogen is not produced.
The terminal pH of PYG-Tween 80 broth cultures ranges from 3.8 to 4.9; the mean terminal pH for 30 strains is 4.3. Glycogen is fermented only when serum (which contains amylase) is added to the medium. In the absence of serum, starch is seldom fermented (1 of 66 strains is positive) or hydrolyzed (11 of 66 strains are positive). Amygdalin, erythritol, esculin (1 of 76 strains is positive), glycerol, inositol, mannitol, melezitose, melibiose, raffinose, rhamnose, sorbitol, and xylose are not fermented. Additional characteristics are shown in Table 3 .
Gelatin is not liquefied, meat is not digested, indole is not produced, and nitrate is not reduced. Reactions are negative for bile-esculin, DNase, and hippurate hydrolysis. Catalase activity is not detected.
Susceptibility to antibiotics: none of the 70 strains tested is resistant to 12 pg of chloramphenicol per ml, 1.6 pg of clindamycin per ml, 3 pg of erythromycin per ml or 6 pg of tetracycline per ml; 5 of 70 strains are resistant to 2 U penicillin G per ml.
The major cellular fatty acid derivatives are C1g:l cis-9 fatty acid methyl ester and Clgrl dimethylacetyl ( Table 2) .
The type strain is strain VPI D140H-11A (= ATCC 49626). The G+C content of the DNA of the type strain is 45 mol%.
For each variable reaction described above except acid production from ribose, the reaction of the type strain is that of the majority of the strains. Trehalose reaction in the absence of serum amylase. 0.8 to 3.0 km) that occur singly, in pairs, and in short chains. Strains are strictly anaerobic. Colonies on brain heart blood agar are pinpoint to 1 mm in diameter, raised or low convex, entire, translucent to transparent, and buff, grey, light yellow, or white after 5 days of anaerobic incubation at 37°C. Growth is stimulated by 0.02% (vol/vol) Tween 80 and may be stimulated by 10% (vol/vol) rabbit serum added to culture media. Six of 10 strains tested grow at 45°C. Four of 11 strains tested grow in the presence of 6.5% (wtlvol) NaCl.
Emended description of
The fermentation products from glucose are lactic acid (0.2 to 4.5 meq/100 ml of culture; mean for 21 strains, 2.3 meq/100 ml), acetic acid (0 to 0.9 meq/100 ml; mean for 21 strains, 0.3 meq/100 ml), formic acid (0 to 0.7 meq/100 ml), and occasionally trace amounts of succinic acid. Little or no gas is detected in agar deeps. Hydrogen is not produced.
The terminal pH of PYG-Tween 80 broth cultures ranges from 4.5 to 5.8; the mean terminal pH for 20 strains is 5.1. Starch is weakly fermented (pH 5.5 to 5.7) by 3 of 27 strains tested. Amygdalin, erythritol, esculin, glycerol, glycogen, inositol, mannitol, melezitose, melibiose, raffinose, rhamnose, sorbitol, and xylose are not fermented. Additional characteristics are shown in Table 3 .
Gelatin is not liquefied, meat is not digested, indole is not produced, and nitrate is not reduced. Reactions are negative for bile-esculin, DNase, and hippurate hydrolysis. Catalase activity is not detected. Susceptibility to antibiotics varies among strains; 1 of 14 strains tested is resistant to 12 kg of chloramphenicol per ml, 1.6 pg of clindamycin per ml, or 3 pg of erythromycin per ml, 2 of 14 strains are resistant to 2 U of penicillin G per ml, and 3 of 14 strains are resistant to 6 pg tetracycline per ml.
The major cellular fatty acid derivatives are ClSz1 cis-9 fatty acid methyl ester and ClSz1 dimethylacetyl (Table 2) .
Isolated from blood, abdominal wounds, pelvic abscesses, and similar human infections.
The type strain is strain VPI 9428 (= ATCC 33267), isolated from a perineal abscess.
The G+C content of the DNA of the type strain is 44 mol%.
For each variable reaction described above except acid production from mannose, the reaction of the type strain is that of the majority of the strains.
Emended description of Streptococcus parvulus (ex Weinberg, Nativelle, and Prevot 1937) Cat0 1983, 83"'. Streptococcus parvulus (par'vu.lus. L. dim. adj. parvulus, somewhat small). Obligately anaerobic, nonmotile, nonsporeforming, gram-positive cocci (diameter, approximately 0.3 to 0.6 km) that occur singly, in pairs, in clumps, and in short chains. Occasional elongate cells, some with central swelling, may occur in stained preparations obtained from growth in media without Tween-80. Colonies on brain heart blood agar are pinpoint to 1 mm in diameter, raised or low convex, circular, entire, translucent to transparent, and colorless to grey after 2 to 5 days of anaerobic incubation at 37°C. Growth is stimulated (30 of 30 strains tested) by 0.02% (vol/vol) Tween 80 and by 10% (vol/vol) rabbit serum added to culture media. Of 72 strains tested, 58 grow at 45°C; 6 of 67 strains tested grow in the presence of 6.5% (wt/vol) NaCl.
The fermentation products from glucose are lactic acid (0.7 to 6.3 meq/100 ml of culture; mean for 40 strains, 4.2 meq/100 ml), acetic acid (0.1 to 0.6 meq/100 ml; mean for 40 strains, 0.3 meq/100 ml), formic acid (0 to 0.3 meq/100 ml), and occasionally trace amounts of succinic acid. Little or no gas is detected in agar deeps. Hydrogen is not produced.
The terminal pH in PYG-Tween 80 broth cultures ranges from 4.0 to 5.1; the mean terminal pH for 32 strains is 4.4. A total of 11 of 82 strains tested ferment esculin, 1 of 68 strains ferments glycerol, 1 of 82 strains ferments melibiose, and 16 of 82 strains ferment xylose. Amygdalin, erythritol, glycogen, inositol, mannitol, melezitose, raffinose, rhamnose, sorbitol, and starch are not fermented. Starch is not hydrolyzed in the absence of added serum (which contains amylase). Additional characteristics are shown in Table 3 .
Gelatin is not liquefied, meat is not digested, indole is not produced, and nitrate is not reduced. Reactions usually are negative for bile-esculin (none of 68 strains tested is positive), DNase (1 of 68 strains is positive), and hippurate hydrolysis (none of 68 strains is positive). Catalase activity is not detected.
Susceptibility to antibiotics varies among strains; 1 of 82 strains tested is resistant to 12 pg of chloramphenicol per ml, 10 of 82 strains are resistant to 1.6 kg of clindamycin per ml, 5 of 82 strains are resistant to 3 kg of erythromycin per ml, 6 of 82 strains are resistant to 2 U of penicillin G per ml, and 1 of 82 strains is resistant to 6 pg of tetracycline per ml.
The major cellular fatty acid derivatives are C18:1 cis-9 fatty acid methyl ester and CIgr1 dimethylacetyl (Table 2) .
Isolated from human gingival crevices and, according to PrCvot et al. (16) , from patients with pulmonary gangrene, tonsillitis, sinusitis, otitis, and dental and thoracic abscesses.
The type strain is strain IPP 1246 (= VPI 0546 = ATCC 33793).
The G+C content of the DNA of the type strain is 39 mol%. The original source of this strain is unknown.
